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)URPWKHDVSHFWRIUHVSRQVLYLW\DQGHQHUJ\VDYLQJOHYHOOLQJSHDNORDGWKURXJKDLUFRQGLWLRQLQJFRQWUROLVZLGHO\
VWXGLHGLQUHVLGHQWLDO(06)XUWKHUPRUHKRPHDXWRPDWHGV\VWHPLQFOXGLQJOLJKWLQJVDQGZLQGRZVDUHFRQVLGHUHGWR




















DQGGHPDQGFRQWURO V\VWHP7KHGHPDQGFRQWURO V\VWHPPRQLWRUVSRZHU FRQVXPSWLRQRI WKH FXVWRPHU ,W DOVR
FRQWUROVHOHFWULFDOGHYLFHVDVQHHGHG2XUWDUJHWLVPDLQO\DLUFRQGLWLRQLQJDQGUHIULJHUDWLRQ,IWKHSRZHUFRQVXPSWLRQ
LVOLNHO\WRH[FHHGDSUHGHWHUPLQHGGHPDQGYDOXH(06FRQWUROVWKHRXWGRRUXQLWDQGSXPSHOHFWULFDOHTXLSPHQWWR
UHGXFH WKH SRZHU FRQVXPSWLRQ 6XFK(06 EXLOW IRU WKH KRXVHKROG LV FDOOHG+(06 +RPH(QHUJ\0DQDJHPHQW
6\VWHP
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3.1. Location information 








LQGRRU7KHPHDVXUHPHQW LQWHUYDO LV VHW WRHYHU\VHFRQG L26DSSOLFDWLRQ LV LPSOHPHQWHG LQ2EMHFWLYH&DQG WKH
VHUYHUVLGHZDVLPSOHPHQWHGLQ3+3DQG-DYD6FULSW'HWDLOHGEHDFRQSODFHPHQWPHWKRGDQGWKHPHDVXUHPHQWPHWKRG
LQWKHH[SHULPHQWHQYLURQPHQWZHGHVFULEHLQGHWDLOODWHU
3.2. Activity information 
:HEXLOGD%HKDYLRU(VWLPDWLRQ6\VWHPWRJUDVSWKHSRVLWLRQDQGEHKDYLRURIWKHLQKDELWDQWVWRVROYHWKHSUREOHP
DV WKHWHPSHUDWXUHJUDGLHQW LQ WKHWKHUPDOVHQVDWLRQLQ WKHVDPHURRPZLWKLQGLYLGXDOGLIIHUHQFHV,W LVSHUIRUPHG
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VHQVRULWLVSRVVLEOHWRREWDLQWKHYDOXHRIWKHVHQVRUIURPWKHDSSOLFDWLRQ%DVHGRQWKHREWDLQHGYDOXHWKHDSSOLFDWLRQ
WRHVWLPDWHWKHDPRXQWRIDFWLYLW\0HWVYDOXHLVLPSOHPHQWHGLQ2EMHFWLYH&$YHUVLRQRIWKH26LVXVLQJL26
3.2.1. METs (Metabolic Equivalents) 






















IDFLOLWLHV UXQ E\ WKH VHQVLQJ YDOXH E\ WKH VHQVRU QHWZRUN 7KHVH IDFLOLWLHV ZHUH FHQWUDOO\ PDQDJHG E\ WKH ZHE
DSSOLFDWLRQ





4.2. Sensor network 
:HXVHZLUHOHVVVHQVRU6:;;;VHULHVPDQXIDFWXUHGE\6HLNR6ROXWLRQVIRUDFFXUDWHPRQLWRULQJRIWKHLQGRRU
HQYLURQPHQW7KHVHVHULHVDUHXVLQJWKH0+]EDQGZKLFKLVH[FHOOHQWLQUDGLRZDYHSURSDJDWLRQFKDUDFWHULVWLFV
6LQFH IUHTXHQF\FKDQQHOV DUH WKHPD[LPXPFKDQQHOV DQGXQLWVRI WKHZLUHOHVVGHYLFHSHU FKDQQHO FDQEH
FRQQHFWHGZHFDQFRQVWUXFWIOH[LEOHVHQVRUQHWZRUNV
9DULRXV VHQVRUV WHPSHUDWXUH KXPLGLW\ZLQG VSHHGPRWLRQ DQG&2ZDV LQVWDOOHG WR JHW WKH HQYLURQPHQWDO
SDUDPHWHUV7KHLQVWDOODWLRQORFDWLRQLVVKRZQEHORZDV)LJ
7DEOH0(7VYDOXHRIHDFKDFWLRQ
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2EWDLQLQJ WKH SRZHU FRQVXPSWLRQ IXUWKHU E\ XVLQJ D FRPPHUFLDOO\ DYDLODEOH+(06 WHUPLQDO:H XVHG 3HUO LQ
FRPPXQLFDWLRQEHWZHHQWKHWHUPLQDODQGWKH+(06VHUYHU





















































5.2. Distance estimation method 
:HHVWLPDWH UHVLGHQW¶V ORFDWLRQRI WKH URRP LQ WKHFRRUGLQDWH IURPWKHEHDFRQSODFHGE\UHVXOWV)LUVW WKH
QHDUHVWWKUHHEHDFRQVIURPWKHUHFHLYHUDUHVHOHFWHGDQGDUHPHDVXUHGZLWKWULODWHUDWLRQ6HFRQGWKHSRVLWLRQE\WKH
FRRUGLQDWHV VHW E\ HDFKEHDFRQ LVGHWHUPLQHGE\ WKH FRRUGLQDWHV$SSOLFDWLRQV IRU HVWLPDWLQJ LV LPSOHPHQWHG WKH
REMHFWLYH&DQGFRPPXQLFDWLRQSRUWLRQRIWKHWHUPLQDODQGWKHVHUYHUZDVXVLQJ3+3
)LJ7KHGLVWDQFHEHWZHHQWKHEHDFRQDQGWKHVPDUWSKRQH )LJ$UHDGLYLVLRQLQ³&R(YROYLQJ+RXVH´
588   Shoki Kawano et al. /  Procedia Environmental Sciences  34 ( 2016 )  582 – 593 










7KHH[SHULPHQWDLPVWRLQYHVWLJDWH%HKDYLRU(VWLPDWLRQV\VWHPFRUUHFWQHVV ,W LV DOVR LQYHVWLJDWHG WR DFKLHYH
VDYLQJ HQHUJ\ ZKHQ SHUIRUPLQJ FRPIRUWDEOHQHVV XVLQJ %HKDYLRU (VWLPDWLRQ UHVXOWV 7KHUHIRUH ZH UHFUXLWHG
H[SHULPHQWDOSDUWLFLSDQWVDQGPHDVXUHGWKHSRVLWLRQDOLQIRUPDWLRQDFWLYLW\OHYHODQGHVWLPDWHGEHKDYLRUHVWLPDWLRQ
7KHHTXLSPHQWLQWKHURRPZDVGHVLJQHGFRQWUROOLQJWRPDWFKLQKDELWDQWV¶EHKDYLRUE\SURSRVHGV\VWHP:HVKRZ
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)LJ0RYHURXWHE\EHKDYLRUVKLIW





































KDUGO\ FRQWUROOHG OLJKWLQJ DQG DLU FRQGLWLRQLQJ IURP GHIDXOW VHWWLQJV UHJDUGOHVV WKHLU DFWLRQ %XW LQ VRPH FDVHV
GLVVDWLVIDFWLRQIRULQGRRUHQYLURQPHQWEHFDPHDWULJJHUIRUH[DPLQHHVWRVWDUWXVLQJFRQWURO
2QWKHRWKHUKDQG LQ WKHFDVHRIH[SHULPHQWVZLWKSURSRVHGFRQWUROV\VWHPDLUFRQGLWLRQHUVDQG OLJKWLQJDUH
FRQWUROOHGGHSHQGLQJRQH[DPLQHHV¶DFWLRQ)RUH[DPSOHZKHQWKHV\VWHPGHWHFWVH[DPLQHH¶VDFWLRQDV³VWXG\´WKH























































































$V IXWXUH LVVXHV IRU HQKDQFLQJ WKH FRPIRUW RI UHVLGHQWV WKH SURSRVHG V\VWHP LV H[SHFWHG WR FRQWULEXWH WR WKH
UHPDLQLQJ LVVXHV OLNH SHUVRQDO SUHIHUHQFHV DQG WHPSHUDWXUH JUDGLHQW E\ XWLOL]LQJ LQIRUPDWLRQ DFTXLUHG IURP WKH
SURSRVHGV\VWHP
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ IXQGV IURP WKH 6(&20 6FLHQFH DQG 7HFKQRORJ\ )RXQGDWLRQ E\
0(;7-636 .$.(1+, *UDQW % 1XPEHU  DQG E\ WKH -DSDQHVH 0LQLVWU\ RI /DQG
,QIUDVWUXFWXUH7UDQVSRUWDQG7RXULVPIXQGVIRUWKHGHYHORSPHQWRIDGYDQFHGWHFKQRORJ\LQKRXVLQJDQGEXLOGLQJ
FRQVWUXFWLRQ
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